Pancreatic cancer (PC) is the fourth most lethal form of cancer in Western society, with mortality closely mirroring incidence and an overall 5-year survival of less than 7%. 1,2 Upon diagnosis, only 20% of patients are eligible for surgery, the only potential cure to date, with the remainder in advanced stages of the disease.
Introduction
Pancreatic cancer (PC) is the fourth most lethal form of cancer in Western society, with mortality closely mirroring incidence and an overall 5-year survival of less than 7%. 1,2 Upon diagnosis, only 20% of patients are eligible for surgery, the only potential cure to date, with the remainder in advanced stages of the disease.
Surgery is invasive due to the physical location of the pancreas and is often used as a treatment option in combination with chemotherapy. Despite this, a majority of patients who undergo surgery suffer a relapse from metastatic disease or experience comorbidities such as venothromboembolic disease. 3-5 Chemotherapy for PC patients involves treatment with agents such as the standard chemotherapeutic anti-metabolite drug gemcitabine (a pyrimidine analogue), or adjuvant therapy with additional agents such as the anti-tubulin agent nab-paclitaxel that can block nuclear division, causing cell death. 3,6,7 Combination drug 5-fluorouracil/folinic acid, irinotecan and oxaliplatin (FOLFIRINOX) is also a common treatment option but despite better response and survival rates than with single-agent gemcitabine treatment, FOLFIRINOX has greater levels of toxicity. 3 Chemotherapy outcomes are varied due to physical and genetic obstacles of PC that cause complications, as they can prevent or impede drug effectiveness and create chemotherapeutic resistance. 3, 8 These obstacles include barriers caused by the tumor microenvironment and pancreatic stem cells. 9, 10 Herbal medicine may hold the key to overcoming these barriers for PC sufferers.
Herbal medicine in the prevention and treatment of PC is credited with substantial advantages, such as tumor suppression, improving radio-and chemotherapy efficacies, reducing side effects from treatment, improving immune function and sensitizing cells to chemotoxins. 11 Bitter melon, as an herbal remedy, has demonstrated success in a variety of ailments, particularly in the treatment of diabetes, and has also been shown to prevent proliferation and growth of cancer cells, and as such is a novel candidate in the development of a treatment for PC. To date, bitter melon extracts and some purified isolated components have been assessed in various in vitro and in vivo studies as potential cancer therapies for prostate, liver, colon and breast cancers, and has been shown to induce cell death mechanisms, promoting apoptosis.
In PC, bitter melon juice (BMJ) increased necrotic cell death in gemcitabine-resistant pancreatic adenocarcinoma cells by enhancing autophagy and inhibiting AKT, ERK1/2, PI3K and PTEN phosphorylation, molecules involved in the prevention of apoptosis and also thought to be involved in drug resistance. 12 Another identified mechanism of action of BMJ in PC cells is activation of adenosine monophosphate kinase, which is an enzyme involved in cellular metabolism and the signaling pathways that suppress growth. 13 In PC cells, BMJ also induced intrinsic apoptosis by increasing levels of the pro-apoptotic molecule Bak and reducing levels of the anti-apoptotic molecules XIAP and survivin, both of the inhibitors of apoptosis protein (IAP) family, able to inhibit caspases 3/6/7. 13 Bitter melon has also been linked with prevention of tumor formation and increasing life expectancy, and in reducing the size, weight, volume and proliferation of tumors in vivo for mouse and rat models of pancreatic, breast and prostate cancers. 8,13- 16 The extracts and juice of bitter melon contain high levels of glycosides (saponins), alkaloids, reducing sugars, resins, phenolic constituents, fixed oils and free acids. 17, 18 The bioactive components contributing these effects have so far been identified as ribosome inactivating proteins, other proteins (identified as MAP30, MCP30 and momordin), fatty acid alpha-eleostearic acid, and various triterpenoid compounds of the Cucurbitaceae family. The cytotoxic effect of various saponin compounds have also been explored in an array of different cancer cell lines in vitro, including colon, leukemia and breast cancers, with proposed mechanisms of action including inhibition of cell cycle signaling processes, initiation of apoptosis and degradation of the cytoskeleton. 19-27 Bitter melon has potential as an anti-PC agent, inhibiting pancreatic cell growth by causing cell cycle arrest, apoptosis and reducing the metastatic potential of this disease.
Due to the high anticancer potential of saponin compounds and the additional cytotoxic effects of bitter melon extracts in various cancer cell lines, the aim of this study was to assess the anticancer activity of a saponin-enriched Big Top Medium bitter melon extract on pancreatic cell lines in vitro. There is currently no data available on the use of the Big Top Medium variety of bitter melon in this type of research, with studies favoring the Chinese or Thai varieties. Recently, Tan and colleagues reported optimized conditions for preparing an extract of Big Top Medium bitter melon with an increased saponin yield. 28 The mechanisms involved in cytotoxicity against cell lines of different genetic profiles were examined as well as isolating the bioactive component/s responsible for the effects on these cells. It was hypothesized that saponin compounds from the enriched bitter melon extract are the bioactive components, which contribute to the cytotoxic action against PC cells in vitro and would give a greater cytotoxic effect than the crude extract.
Methods

Preparation of bitter melon extracts
Crude ethanol extract (CE) and saponin-enriched extract (SE) prepared from Big Top Medium bitter melon (Momordica charantia L.) as described by Tan and colleagues was provided by Dr. Quan V Vuong (University of Newcastle, Faculty of Science, Australia). 28 The extracts were kept at −20 °C until time of analysis. In brief, the SE was prepared from the CE by first dissolving in water (10 mg/mL) and then extracting three times (1/1 v/v) with water-saturated n-butanol. The SE were then combined, washed twice with deionized water and concentrated to dryness under reduced pressure (rotary evaporator at 40 ± 2 °C). The remaining solid was then redissolved in 50% aqueous methanol and again evaporated to dryness to obtain the saponin enriched fraction (i.e. the SE).
At the time of publication, there were no commercially available saponins from the Cucurbitaceae species, and Cucurbitacin B hydrate (Catalogue Number C8499-5MG; Sigma Life Sciences, St Louis, MO, USA), a commercially prepared cucurbitane triterpenoid was used to observe the effects on PC cells. The CE was used to prepare three enriched fractions with a preparative highpressure liquid chromatography (HPLC) system (Shimadzu Australia, Rydalmere, NSW, Australia). The extract was dissolved in 50% methanol (10 mg/mL), filtered twice using a 0.45 µm nylon membrane syringe filter, and auto-injected at 300 µL with a flow rate of 3 mL/min. The column was a Synergi 4u Polar-RP 80A column (250 × 10 mm) connected to a PDA detector, scanning all wavelengths. MilliQ Water containing 0.2% formic acid was Solvent A and acetonitrile was Solvent B. Solvent B concentration increased with a linear gradient from 0-40% between 0 to 15 min, increasing further to 100% Solvent B from 15 min to 25 min, then decreasing to 0% Solvent B from 25 min to 35 min. Peaks are identified with their retention time, the first peak eluting at 9.76 min. Three fractions were collected using an auto-collector, with the elution time for (Fig. 1) . These fractions were evaporated, freeze-dried and stored at −20 °C for further analysis.
Total saponin content
The total saponin content of CE and SE extracts was measured according to the method of Hiai and colleagues (1976) with slight modifications. For the extracts, they were diluted to 1 mg/mL dissolved in deionized water and 0.5 mL was mixed with 0.5 mL of 8% (w/v) vanillin solution, cooled in an iced water bath and 5 mL of 72% (v/v) sulphuric acid added. After 10 m, the cooled mixture was incubated at 60 °C for 15 m and then cooled on ice for a further 10 m. The absorption of the mixture was measured at 560 nm using a spectrophotometer (Cary 60 Bio; Varian Pty. Ltd., Mulgrave, Vic, Australia) against a reagent blank. Aescin was used as a standard and results were expressed as aescin equivalents (AEs) per gram of the dry weight of the bitter melon preparation used in the extraction (mg AE/g).
Cell culture of pancreatic cells
MiaPaCa2 primary pancreatic adenocarcinoma cells were maintained in Dulbecco's modified Eagle's medium contain- 
Determination of extract effect on cell viability
To determine the effect of the two extracts, three fractions (F1, F2 & F3) and Cucurbitacin B (CuB) on cell viability, MiaPaCa2 (3 × 10 3 cells per well), BxPC3 (7 × 10 3 cells per well), HPDE (1 × 10 4 cells per well) and CFPAC-1 cells (7 × 10 3 cells per well) were cultured and seeded into 96 well plates. After seeding, the cells were incubated for 24 h prior to treating, to ensure adequate adhesion. A stock solution of the extracts and fractions was made to 400 mg/ mL in MilliQ and diluted in growth media, as required. Gemcitabine, dissolved in phosphate-buffered saline (PBS) to 1 mM and stored at −80.0 °C, was thawed and diluted in fresh growth media on the day of use. The cells were treated with doses of SE, CE and Fractions 1-3 ranging from 7-1,000 µg/mL, and CuB doses ranging from 7-1,000 nM. Cells were incubated with treatment doses for 24, 48, 72 or 96 h. The treatments were compared to a positive control containing 50 nM of gemcitabine in complete media and a negative (vehicle) control. Cell viability was determined using a colorimetric Cell Counting Kit-8 (CCK-8) assay (Dojindo Laboratories, Inc, Rockville, MD, USA) and microplate reader at 450 nm (Benchmark Plus™; Bio-Rad, Hercules, CA, USA). A blank consisting of media and CCK-8 reagent was used and subtracted from all measurements prior to data analysis.
Determination of apoptotic cell population
To determine the apoptotic cell population after treatment with F3 and CuB, a caspase 3/7 kit was used (Catalogue Number MCH100108; Merck Millipore, Australia). Firstly, cell samples were prepared by seeding MiaPaCa2 cells at a density of 3 × 10 5 cells per well, and HPDE cells at a density of 1 × 10 6 into a 12-well plate, treating cells with 500 and 750 µg/mL of F3, and 25 nM and 50 nM of CuB for 24 h. A positive control of gemcitabine at 50 nM and negative (vehicle) control of MilliQ was used for F3. DMSO was used as the vehicle for CuB. The cells were dissociated from the flask using 0.25% trypsin and resuspended in 50 µL 1X assay buffer 'BA'. The cell suspension was mixed with 5 µL of Muse Caspase-3/7 Reagent diluted 1:8 in PBS and incubated at 37 °C in 5% CO 2 . After 30 m of incubation, 150 µL of Muse™ Caspase 7-AAD Solution, consisting of 1.3% 7-AAD reagent in 1X Assay buffer BA, was added and incubated at room temperature in the dark for 5 m. The sample was then loaded into the Muse™ Cell Analyzer and analyzed by Muse™ software (V1.4), as per the user's guide.
Determination of cell cycle arrest
To determine the effect of the bitter melon F3 and CuB on cell cycle progression, MiaPaCa2 and HPDE cells were treated with 500 µg/mL and 750 µg/mL of F3, and 25 nM and 50 nM CuB for 24 h. 
Statistical analysis
All data was analyzed using GraphPad Prism (v7) software. Data are expressed as the arithmetic mean ± standard deviation of a minimum three replicates. Statistical differences in viability between dose groups and negative control group were determined using multiple comparison one-way ANOVA, with p < 0.05 deemed significant. 'Viability %', a reflection of cell viability of treated compared to untreated cells, was calculated by dividing the mean absorbance of each treatment group (less the absorbance blank) by the mean absorbance of the negative control (less the absorbance blank) and multiplying by 100. Dose response was analyzed using nonlinear regression of the log of the concentration with a defined bottom equal to 0.0 and constrained hillslope of −1.0 to determine the minimum 50% growth inhibitory concentration (GI50), a measure of drug potency. Statistical differences between treatment groups and negative controls of the cell cycle and apoptosis assays were calculated using multiple comparison two-way ANOVA, with p < 0.05 deemed significant.
Results
Assessment of bitter melon extracts on pancreatic cell viability
Total saponin content
Total saponin content of the CE was 1.12 mg AE/g dry weight and its n-butanol fraction was considerably higher in saponins, with 345.62 mg AE/g dry weight.
Effect of CE on pancreatic cell viability
Pancreatic cell viability after a 24, 48, 72 and 96 h treatment with CE was assessed using a CCK-8 assay. The CE showed cytotoxic activity towards MiaPaCa2 cells dosed with the highest concentration (1,000 µg/mL) for longer time periods (>48 h). Similarly, CFPAC-1 cells only reduced viability to 1,000 µg/mL. MiaPaca2 and HPDE cells did not decrease in viability after the 24 h treatment with concentrations of CE between 0-1,000 µg/mL. GI50 values were calculated for these treatments and were all >500 µg/ mL (Table 1) . MiaPaCa2 cells treated for 48 h with 1,000 µg/mL of CE decreased viability to a greater extent than the cells treated with gemcitabine (see Supplementary Fig. 1F ). BxPC3 cells treated with the CE showed reduced viability after 48 and 96 h at doses above 125 µg/mL but no change was observed for the 24 or 72 h treatments. GI50 values for CE were not able to be calculated for the CFPAC-1 and BxPC3 cell lines ( Table 1 ). The CE had poor cytotoxic potential overall but at its highest dose, affected only cancerous MiaPaCa2 and CFPAC-1 cell lines.
Effect of SE on pancreatic cell viability
Pancreatic cell viability after 24, 48, 72 and 96 h treatment with SE was assessed using a CCK-8 colorimetric assay. MiaPaCa2 and HPDE cells treated with the SE for 24, 48, 72 and 96 h exhibited decreasing cell viability with increasing concentrations (>125 µg/ mL) for all time points. The 96 h GI50 for MiaPaCa2 cells was 338.2 µg/mL, approximately 80% less than the GI50 for the 24 h treatment of 1,669.0 µg/mL ( Table 2 ). The GI50 value for the SE in HPDE cells was 88.1 µg/mL for 24 h, which decreased to 72.05 µg/mL for 72 h, but at 96 h increased again to 164.0 µg/mL (Table 2) .
No decrease in viability of CFPAC-1 cells and BxPC3 treated with the SE for 24 h were observed. SE only reduced viability of CFPAC-1 cells after 72 h from 1,000 µg/mL. After 96 h, CF-PAC-1 cells demonstrated a dose-dependent reduction in viability, increasing the GI50 from 599.7 µg/mL to 776.8 µg/mL from the 72 to 96 h treatments. BxPC3 cells treated with the SE for 48-96 h observed a dose-dependent reduction in viability with GI50 values decreasing 2-fold, from 1,010.0 µg/mL at 48 h to 553.4 µg/mL at 96 h ( Table 2 ). The SE showed minimal to slight cytotoxic activity overall; however, the lowest doses (<100 µg/mL) affected the HPDE cells within the first 24 h, and low doses (<500 µg/mL) only showed a cytotoxic effect in MiaPaCa2 cells and only after 72 h ( Table 2) .
Cytotoxicity of CE fractions on pancreatic cell lines in vitro
The CE was semi-purified by HPLC into Fractions 1-3 (F1, F2 and F3) and their cytotoxicity was assessed on first HPDE and MiaPaCa2 cell viability using a 24 h CCK-8 assay. There was no reduction in MiaPaCa2 cell viability observed in response to 24 h treatment with F1 (0-1,000 µg/mL), while HPDE cell viability decreased following treatment with F1 (>125 µg/mL; Fig. 2A, E) . F2 produced a dose-dependent reduction in viability of HPDE cells at 24 h with 1,000 µg/mL, while MiaPaCa2 cells did not show any decrease in viability (Fig. 2B, F) . F3 was the only fraction to de- (Fig.  2C , D, G, and H). F3 was assessed for its effect on cell viability for more than 24 h and in the additional two cancer cell lines. At 48 and 72 h, F3 at high doses (<500 µg/mL) reduced viability of HPDE cells (see Supplementary Fig. 4) . Doses above 250 µg/mL reduced MiaPaCa2 cell viability at 24 h, while only doses greater than 500 µg/ mL showed an effect at 48 h. Interestingly, no reduction in MiaPaCa2 viability at any dose was observed after 72 h. The reduction of viable MiaPaCa2 cells in 48 h was not greater than 50% and, thus, no GI50 was able to be calculated (Table 3) . A dose-dependent reduction in viability of CFPAC-1 and BxPC3 cells treated with F3 for 24 h was observed. This reduction in viability continued only for BxPC3 cells with the 48, 72 and 96 h treatments, and the GI50 value reduced from 1,883.0 µg/mL at 24 h to 547.8 µg/ mL at 96 h ( Table 3) . Of the three fractions made from CE, only F3 held cytotoxic potential towards cancer cells but none of the GI50 values were below 500 µg/mL, even after 96 h, indicating its cytotoxic action is not strong.
Cytotoxicity of the commercially prepared triterpenoid CuB
The cytotoxicity of the commercially prepared triterpenoid CuB was assessed on the four pancreatic cell lines using CCK-8 viability assay. MiaPaCa2 PC cells treated with CuB (0-1,000 nM) showed a dose-dependent reduction in viability with increasing doses of CuB. After 24 h, cell viability reduced from concentrations above 15.81 nM with no further reduction observed at concentrations higher than 62.50 nM. After 96 h, reduction in cell viability was observed at doses of 31.25 nM or higher (see Supplementary Fig. 5 ).
HPDE cells treated with CuB responded similarly to MiaPaCa2 cells, with the 72 h treatment producing the lowest GI50 of 15.30 nM, at which there was close to 100% reduction in viability of HPDE cells treated with gemcitabine (Fig. 3C, D) . CFPAC-1 cells had reduced viability after 72 h at a CuB dose of 62.50 nM. The GI50 of BxPC3 cells treated with CuB for 24 h was not able to be calculated, however, after 48 h the viability of BxPC3 cells started to decrease. The BxPC3 GI50 was 9.38 nM after 48 h and 15.63 nM after 96 h ( Table 4 ). All CuB GI50 values for all cell lines were less than 100 nM after 96 h, suggesting strong cytotoxic action of this triterpenoid.
Effect of bitter melon extracts on pancreatic cell cycle arrest
MiaPaCa2 and HPDE cells were treated with F3 at 500 and 750 µg/mL for 48 h to determine if progression of the cells through the cell cycle could be stalled. HPDE cells treated with F3 for 48 h demonstrated an increased number of cells in the G1/0 phase, fewer cells in the S phase and significantly less cells in the G2/M phase compared to the untreated cells (Fig. 4A) . HPDE cells treated with gemcitabine also demonstrated a greater quantity of cells in the G1/0 phase than cells with no treatment, but to a greater extent than seen with F3. The MiaPaCa2 cells treated with F3 had more cells in the G1/0 phase and less in the S phase for both treatment concentrations compared to untreated cells (Fig. 4B ). This was similar to the gemcitabine-treated cells. HPDE cells treated with 25 and 50 nM CuB for 24 h revealed that treatment with 50 nM significantly increased the population of cells in the G2/M phase compared to untreated cells (Fig. 4C) . F3 appeared to induce G1/0 phase cell cycle arrest in both MiaPaCa2 and HPDE cells, while CuB appeared to induce G2/M arrest.
Effect of bitter melon extracts on apoptosis of pancreatic cells in vitro
The caspase 3/7 assay was performed to determine if F3 could induce caspase 3/7-dependent apoptosis in the HPDE and MiaPaCa2 cells at 24 h. Despite the appearance of apoptotic populations increasing in HPDE cells treated with 500 and 750 µg/mL of F3 (Fig. 5A ), there were no significant differences between cells treated with F3 compared to the negative control. Similarly, there appeared to be increasing populations of dead cells, increasing in MiaPaCa2 cells with doses of F3 (Fig. 5B ), yet these were statistically insignificant. As expected, the positive control gemcitabine revealed significant increases in apoptotic and dead populations in both cell lines (Fig. 5A, B) . CuB at 50 nM increased the total apoptotic and dead populations but only in HPDE cells (Fig. 5C, D) . F3 did not appear to cause apoptosis in the MiaPaCa2 and HPDE cells, while CuB induced apoptosis at 50 nM but only in HPDE cells.
Discussion
PC is a lethal disease. Natural sources, such as bitter melon, offer novel options for therapeutic development that may overcome the present challenges impeding current treatment efficacy. Previous studies have reported that the juice and extracts of bitter melon inhibit the growth of specific cancer cells by causing cell cycle arrest and apoptosis, and reducing the metastatic potential of this disease. Due to the anticancer potential of bitter melon, which contains high levels of saponin compounds, this study investigated the cytotoxic potential of a bitter melon ethanol extract and its saponin enriched n-butanol fraction on pancreatic cells in vitro.
The crude bitter melon extract only reduced viability in MiaPaCa2 cells (at 1,000 µg/mL; >48 h) and did not appear to affect the HPDE cells. To understand if a selective cytotoxic action existed, it was explored further. Whole fruit aqueous extracts of a Chinese bitter melon have displayed preferential cytotoxicity towards breast cancer and leukemia cells, without effecting the viability of normal cells. 29, 30 Similarly, saponin-rich extracts selectively induced apoptosis in hepatoma cells, without causing the same effect in their normal counterparts. 31 In this study, the SE did not discriminate in its cytotoxic activity and, in fact, was more potent to the HPDE cells. The lower doses (125 and 250 µg/mL) required longer treatment times, of 72 or 96 h, before any observed Richmond R.A. et al: Cytotoxicity of bitter melon for pancreatic cancer Explor Res Hypothesis Med reduction in cancer cell viability, specifically for the CFPAC-1 and BxPC3 cells, which showed no response to SE in the first 24 h. This may be due to differences between the mechanisms and kinetics of cell death, such as the cells' ability to absorb the compounds in a given time. 32 Over time, the effect of the same concentration of SE appeared to reduce, with more viability of HPDE cells after 96 h than at 72 h. This could indicate that the bioactive compound/s in the SE had been fully utilized by the HPDE cells in the 72 h timeframe, with remaining cells proliferating in the final 24 h to give the observed increase in viability at 96 h. Despite this, it was clear that there was no specificity of action by the saponin extract. This might suggest that compounds other than saponins may confer this effect, that the responsible compound/s might have been excluded from the preparation of the extract via the butanol fractionation step, or that there may have been other reasons for only the MiaPaCa2 and CFPAC-1 cells being affected by the CE. The crude extract was subjected to partial purification by HPLC in an attempt to elucidate the phytochemical profile of the bitter melon. The dose-dependent effect of F3 on BxPC3 cells was not observed in CFPAC-1 or MiaPaCa2 cells, indicating a sustained effect of F3 in the BxPC3 PC cells. This infers that the BxPC3 cells may be more sensitive to F3 than the other cell lines. The GI50 for both MiaPaCa2 and HPDE cells treated with F3 increased with time, and only reduced in MiaPaCa2 cell viability in response to F3 in the first 48 h, leaving cells apparently unaffected at 72 and 96 h. It is possible that re-administering the drug after the first 24 h may be necessary for MiaPaCa2 and CFPAC-1 cells.
After testing SE and the three fractions, it is clear that no selective cytotoxic action was present. There may have been synergism between compounds to cause the CE to only reduce MiaPaCa2 and CFPAC-1 cells that was lost when partially purifying to obtain the fractions. Synergistic effects of saponin compounds with therapeutic compounds have been reported to result in an increased cytotoxic capability. 33 BMJ has also targeted multiple signaling pathways in a gemcitabine-resistant PC PanC cell line and increase their susceptibility to the effects of the drug. 12 Gemcitabine is the standard treatment for PC; however, in the first 24 h, MiaPaCa2 cells are not responsive to the gemcitabine treatment but were slightly responsive to F3, but only minimally. Even though there was a short-lived action of F3 in HPDE and MiaPaCa2 cells in these instances, F3 may work to weaken the cells and may sensitize them to other agents. Further work is needed to elucidate and isolate any synergistic potential of the extract and its active components.
Genetic variation between the cell lines may account for their differences in response to F3. The MiaPaCa2 and BxPC3 cells are both sourced from primary pancreatic adenocarcinomas, however they have different genetic profiles. MiaPaCa2 cells have mutations with oncogene KRAS, and tumor suppressor genes CDKN2A and TP53, while BxPC3 cells have a wild-type KRAS and also possess mutations in CDKN2A and TP53 but have further mutations in SMAD4 and MAP2K4. 34 CFPAC-1 cells, by contrast, are cells derived from a metastatic site in the liver and have mutations in KRAS, SMAD4 and TP53. 34 Further work is necessary to explore if inducing specific mutations; for example, KRAS in BxPC3 cells, gives these cells increased resistance to the effect of F3, as seen in the response to this fraction by KRAS-mutated MiaPaCa2 and CFPAC-1 cells. The synergistic capabilities of purified bitter melon agents could also then be explored in combination with gene knockouts or forced expressions to understand the relationship between genetic profile, drug interactions and drug responsiveness.
To understand how F3 reduced cell viability, caspase 3/7 apoptosis and cell cycle assays were performed. Apoptosis is a transient cellular process that involves numerous intermediate cellular signals to initiate the self-destruction of the cell. Caspase levels are likely to change with time as cells undergo necrosis, which is secondary to in vitro apoptosis. 32 In MiaPaCa2 cells treated with F3, there were slight increases in the population of dead cells compared to the negative control, though statistically insignificant. HPDE cells treated with the same doses had slight increases in total apoptotic populations, but again were not found to be significant. As such, further experiments with adjustments in treatment times will need to be explored to delineate the effects of bitter melon extracts on apoptosis of pancreatic cells. BMJ has been shown to increase caspase 7 and caspase 3 activity at 48 h in MCF-7 and MDA-MB-231 breast cancer cells. 35 Indeed, further purification and concentration of purified components may increase their cytotoxic potential.
Following a 48 h treatment of both HPDE and MiaPaCa2 cells with F3, an increased number of cells in the G1/0 phase was observed, indicating that cell cycle arrest in the G1/0 phase may be induced by the bitter melon fraction. Considering that the cells do not continue to decrease in viability at the 72 h treatment, it is unlikely that cell cycle arrest is sustained. Cycle arrest can occur if the cell's internal checkpoints are not passed. 36 The fate of the cell after mitotic cell cycle arrest may either be cell death, if sufficient signals are given to the cell to undergo apoptosis, such as with caspase signaling, or the cell may have adapted and will then go on to continue proliferating, as seen in cases of drug resistance. 37 The longer the cell remains in cell cycle arrest, whereby mitosis occurs until the cell breaks down the agent responsible for causing the arrest (cyclin B1), the less likely it is to survive. 38 This potentially explains why the cells continue to proliferate after 72 h of treatment. Despite indications that cell cycle arrest may be occurring in these cells with treatment of F3, there was no confirmation of apoptosis, which could explain why the cells continue to proliferate. The accumulation of cells in the G1/0 phase was unexpected, as BMJ has been shown to increase populations in the G2/M phase although G1/0 arrest has also been induced by bitter melon, but in a bitter melon leaf ethanol extract. 16,35, 39 The cytotoxic potential of CuB, a commercially prepared triterpenoid was also investigated. CuB elicited a strong dose response in BxPC3 PC cells, comparable to the gold standard chemotherapeutic agent gemcitabine. This was also confirmed in MiaPaCa2 PC cells, while interestingly 'preserving' HPDE cell viability to a greater extent than gemcitabine. CuB at 200 nM has previously been found to induce apoptosis in a time-dependent manner in MiaPaCa2, Panc-1 and PL45 PC cells. 40 However, in this study, 40 Despite CuB appearing to 'preserve' HPDE to a greater extent than gemcitabine in these studies, CuB clearly has a more potent effect to these normal pancreatic cells than to the cancerous cell lines.
Future research directions
While the cytotoxicity of the extracts was not strong, there is much more work that can be done, such as further purification of the extracts, which may increase their cytotoxic potential. Isolation and concentration of components that make up F3 may unveil an alternate bioactive agent, perhaps a cucurbitane triterpenoid or saponin, with the potential to induce significant cytotoxicity in PC cells. The synergistic capabilities of purified bitter melon agents could also then be explored in combination with gene knockouts or forced expressions to understand the relationship between genetic profile, drug interactions and drug responsiveness. Similarly, changes to protein levels and/or gene expression in the cells, such as in cyclin, caspase or Bak/Bax, to confirm the mechanisms of action are warranted. Further work is also necessary to explore if inducing specific mutations, e.g., KRAS in BxPC3 cells, gives these cells increased resistance to the effect of F3, as seen in the response to this fraction by KRAS-mutated MiaPaCa2 and CF-PAC-1 cells.
Conclusions
Overall, both crude and saponin-enriched fractions were not effective at eliciting a cytotoxic response towards PC cells in vitro. Semi-purification of the crude extract, which displayed potential for selectively reducing viability of cancerous cells without the same effect to a comparatively normal pancreatic cell line HPDE, provided three fractions for further assessment. Of the three fractions, only F3 reduced the viability of MiaPaCa2 PC cells, and no further selective action was observed. The cytotoxic action of F3 was short-lived, with cells decreasing viability initially, and then increasing viability again with time. Investigations into the mechanism of action of F3 indicated that it potentially causes G1/0 cell cycle arrest, without appearing to induce apoptosis. In contrast, treatment with CuB suggests that a G2/M cell cycle arrest occurred, as well as caspase 3/7-dependent apoptosis. Further research may assist in investigating these agents and why they have minimal effect in the treatment for PC while other bitter melon preparations have positive outcomes. 
